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This report sumesrizes the rewalts on the cheracteri set ion 
of selected prepolymers with cespect to fenctionality asd fwactionality 
distxibacion aud the effect of fuectieaality on mechmica)l properties of 
gemestocks crrried out umber Comtract Bo. f04611-65-C-O0M6. Thece 
studies comtitute 3 comtimsatios of the work carried owt under 
Comtrac* Bo. FOS6Li-67-C-O0l2, “Fuactionality determination of Bister 
Prepolye:s.“ The program consisted of two phases. Phase 1 comprises 
the adaptation and avplication of amziytical aetheds developec umdez 
Coutract P04611--67-C-O012 to other prepolymwers. it also prowidesr direct 
service and support functions co existing solid provellamt deve ‘opment 
program. Phase I! involves the scale-up of the fractionation precedure 
of prepclymers into pure difumctiomal and womofenctional compceents and 
a study of the effect of smmofumctionzlity on the aechaaical properties 
of the cured binder . 


Specific studies relating to Shell’s ?-BEP prepoiyaer bere 
already been published im e@ coufidential report eatitled “P-BEP Cure 
Stedies ,” AFRFL-TR-69-179. 
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Fumectiomslity sed fuactionslity distriburion measurements have 
been carried out on six differest polytutadieme prepolysers cocraini{ag 
bydrony ot carboxy feacticoeality which are oirrentiy of imteresct to the 
Air Force. The specific prepolywers sre: Sinclair's Poly 3-b B45 
and 8 15H, bydrozy-fuaction:l butadiese homopolymers prepared by free 
radical paiywerizatio. and Cenera!l Tire’s Yelagen prepolycer series, 
preparet fy anicaic polyarrization. The Yelagee prepolymer series comprises 
the fellowing polywers: the O8-Telagen (nominal Me«5000) end ics low 
wolecular weight (e-2000), saturated covnterpart, O08 -Telager-S, and the 
correspouding carbory-fuscticusl] gualogees, COUH-Telages and COO08-Telagen-S. 


ember average wolecaiat weight measurements of three different 
lots cf the 85M prepolymer showed little batch to batch variations. 
Fouiciomaliry diseribucicea measurements were obtaiaed by elutioce chrometo- 
gtaphy om activated silica gel. The difanctioual coatent was found to 
be appreaimately 4 to 45 wt 2 with @ nouisal wolecular seight of 4000, the 
reusinder (55-40 wrt %) befiag trifomctional with a caninal molecular wef zht 


dependence cf fuacticeslicy oe sclecular weight. he feactioaslitv 
distribatianof tz: B-15¢M was found to be similar cto that of the R-454, 
comtaining acre than SO wt © tricl. Ia contrast to Sinclair's 2-454 and 
B15 prepolywers which are composed of di- aad trifunctional components, 
the Yelagen prepolpeurs comtsia som-, woeo- and difcactional pregolywers . 
The total aue- af anecfwectional comteat of the four lfelagen prepolymers 
which were sanlyzed waried from 24 to 32 we 2, the bulk of which is 
erent eet Aes. 


A sample of Eocketdyee‘s P-CDEFE prepolymer, lot ELI-68, ues 
—arectecized with respect to foacticualiry distribution and fowad to contsin 
22 oo 1SZ womefuncticas!, 45 to 32 difumctional and 35 to 402 crifencricusl 

prepolymer. Faactiowuslity distributica sacasurements of 31"’r new perf lvoro- 
aleyleme oxide prepolymer, FC2202, showed che preseace of 3-52 nonfumct ional 
and 2-97 eeoefwacticoasl prepolymer, the reuaioder being difuncticual . 


Wechmnice] properties of a gemetcch pregared frow a pure difumtional 
)-pclybe’adiene prepolyuer bawe Seen obtained over uw Cemperatere cange of 
65°F to 180°F. The effece of scmcofuerctionsl prepclymer —oateat on geastock 
propertie: fas been quaetitatively defined. 
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I. ExYRODOCTICN 


Uedex a previows Comtract (794611-47-C-0012). Sxeo Sesesrch sad 
Engineering Co. developed and/or refined asd evaluated test sctheds for éster- 
Bining sclecular weight, equivelent weight, feuactionality, fuaecticqsality 
distribution and eolecolar weight distribution of selected solid propel last 
binder prepolywers (15. 


Most sigsificsatly a aethod was developed thich can deteruine 
the fuactiomality distribution of binder prepolymers. The oethod is based 
om the adsorption of prepolymer om activated silica gel aad subsequent 
selective descrption by stepwise elution using solwert aixtures of 
orogressively greater elution power. his technique can effectively separate 
prepolymers isto acor-, mano-, di- aed pelyfumctiona! compc sents. 


The ability to determine the functionality distribstios of prepolymers 
and to separate prepolymers into now-, mcec- aed difemrctionsl prepolyners 
is a prerequisite im studying the effect of fumcriomalitw distributions oa 
binder aad propellant aechanical properties. It opens ep sew areas of 
binder stadies such as the establichmeat of che relatioeship between sech- 
amical pr.,.xties and sonofuecticaal prepolywer coatenat. Sech experinental 
investigat’ ous were hitherto imaccessible because cf lack of appropriate 
analytical techniques. 


Theoretical comsideratiows predict ths: sowofuactionsl prepolywer 
Tompomeats wili sericousiy affect the mecchamica! properties of the propelleat 
siwce nomofwectionmal polywer chains will act as chaia tersimators during 
the cure process amd heace iaterfere with the formation of a large polymer 
aetwork meeded to impart good wechamical properties to the propellant. 

The level of mosofuactional polymer at which mechanical properties will 
sexiowsly drop off had not been defined sed good qumtitative data were 
weeded. The effect cf nonfunctional polyseer components on cured binder 
properites was mat determined. Soofumctions! prepolymer compcazatx cannot 
participat: im tke cure process and wi?) therefore sorely act as high 
wolecuiax wright plasticizers. 


Preeolywer composition particularly with respect to fwactionslity 
distribution :as long been neglected as a quality per.e@eter in the optinisetion 
of solid prog. iaat we-hanical properites. Phase Il of chis progrm cepreseats 
am initial sta designed to fill this gap. It has established s relatioe- 
ship between fax tionality, specifically mocofusctional prepolyeer coatent, 
aad bieder mechanical properites. It has also defieed the optinus aechesical 
properties of a pevely difuactions! polybstadieste prepolymer. All studies 
auder this program wewe been restricted to the gumstock. Mo propel last 
formulation studies verre sade. 


A ean neentnmetntntey ada 


(1) Fumctiomality Deteruination of Binder Prepolymers, Fimal Report, 
October 196¢-September 1968, AFRPL-TB-68-237, A. H. Muenker 
and 8. E. Gadson, Esso Research and Eaygimeering Cc. 


wegotbe 


me ae 


Il. OBJECTIVE 


The objective of this program is to comtiave the develogrent 
wf wethods for the characrerization of selected prepolymers with respect 
to feacticoeslity and fuectiomality distributise end te éetermine cee 
velaticeship hetween gumstock aeckacical properties asd fuactiomality, 
epecificsily eoecfesctiosal prepolymer coatent. 


The progras comsisted of two phases: 


Paese I entails research aimed at extending and adapt ing 


eoplytical acthods developed eader Contract 7FO%611-67?-C-0012 
to sew classes cf prepolywers cof interes: to the Air Force. 


Phase 11 involves im part optiaizsrion and scale-up of the 
fracticuatioes procedua’-. to obtain larger quantities of pure difucctioa! 
and mwofwnctions! prepolewers. Camstock foreul<ticas exployisg pure 
@ifamctious] polymer exclusively and with varying zmounts of somofvecticas] 
asterial were mde to sesesa the general effect of functionality 
distributice on archamicel properties. In addition, gwustock Foca laciees 
etiticing pure difumctioneal material were compered with those euploring 
the belk palymer. 


aoe ee 


Til. SQ2RY 


This report discusses fuectionality exd fenrticanlity 
distribarion weesuresaets of biadex prepolynere currently af 
imterest to the Air Forse. YThe effect of moecfun-ticenl prupolyur 
coatent ce eechaaical properties was explored end the escheuical 
x operties of gwastocks prepared from a pure difenctices] W- 
polybutadiewe prepolynexs were defived. This is the fimei repgort 
on Comtract Ho. FO4611-69-C-0046 and covers the period February 3, 
1964 through Fekrucry 2, 1970. All etudice relating to Shell's P-SEP 
prepolymer hewe bees suamerized in AFEPL-Y2-€9-179, entitiad "P-RGP 
Care Stedies.” 


A total of eight differest prepolywers were characterized with 
respect to twectiomality aad feectionality distribution. All are iow 
molecuiar weight, Liquid pclybutadiemas coitaining hydroxy cor carboxy 
functionality. 


Siaclair erodwces two bydroxy-ferccticaal betadienr basogol yuers 
which ate dvsignated Poly 5-D 2-45M and B-15M respectively. The 8-158 
prepolymer hes 4 sowenbat higher eaclecular weight thas the 45%. Iaterest 
im these prepolymers stews from om facts: (1) their low cost (48 to 54 conts/ 
pound) and cheir reportedly high owerall fumccionaalicy which is substantially 
im exceas of 2.0. 


Molecular weight acd femctiomality as wel) as functionality 
distribetion meeserenents were carried out oa three different lots of the 
&-454M prepolyeer to determine whether there were significast differences 
im these parameters, im perticelas ia the fwacticaaliry distribetion 
pattern. 


The extrapolsted amber average enlecaler vefghts, (Ma) e, 
as deterained by WO fie chloroform at 37° showed wery Little batch to 
batch wariation (2740 to 2900). Whe owerel) fuuctiomaiitias based ce 
molecelsr weight aod eqeivalent weigit seeserens<ts weried fram 27.3%) 
to 2.48. In view cf chis high arerage fuectionelicy level, the 2-450 
prepolyarr should costain sigaificent qeantities of polymer components 
boving feactionality greater thas swe. Subsoqgeeet functionality 
distributioe ssorurenents have coefirmed this. Functionality distriberion 
mgeacurenm@ats vere obtained by elution chrometogrephy of activated silica 
gel (100-200 mesh). A competince of fuactiomaltty distribution zeacuremeats 
of chroe lots cf dre 2-454 succes that this prepolymer comsiscts uf di- 
aed trifuectioes] components. The difaescticnsl comtent is approwieately 4) to 
45 wt 2, with o scndneal wolecelar weight of 4000, the reeniuder (55 to 60%) 
being tr-fusctional with a mumias! eolecular weight of 2G). Ali three 
lows hewe comsisteatly sbam this dependence cf fuectinsality on molecnlar 
we'ght. Om a roler basis the fumctfonality distributiox of the £43 
Frepolywer refiects am ewes higher Criol contest: 25 mole 7 dicl and 
75 mole Z trivl. 


To determigec wheather there is 2 substantial differeace betuces 
the R-458 and the A-15M prevolyner, a single lot of 2-1 vas also 
characterized with respect to {ts fumcticnal:ty amd functioasliry distribution. 
Molecolar weight aersurements showed that there is a sigmifica ct bat aot 
dramatic dif-ereace tn eolecuias wight bereen the 8-15" (Hho- 040) aod 
the 2-SSM (Mee 2600). The overall fumctiomality cf che B-!5M, lot 7073 
was fousd to be 7.40 which ts fdenrica! to ier BOSEOL af che B-a OM 


‘ 
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prepolywer. Fuacticnmality distribution seasuremeats cof the R~-1 
shoved thet about 45 ut 2 of this prepolymer is difasctiomal vith a 
soninal wmcleculsr weight of 6000, the remeiader Seiag trifucctioual . 


A cospsrison of the fuacticnslity distribetion of the B-45K 
and the 8-15 prepolyeers therefore shcws that trifuectionsl prepolyeer 
is the emjor composer: (more than 50 wt J) fa both prepciymers. The 
B-1SM appears to hewe a slightly h'gher difemctionai costemt thee the 
R43. This appareatiy slight differeace in difsmctional pilywer content 
owy ferther dimivisk: -<pou analysis of additional iets of the B-158 
prepelymer. 


Samples of Ceneral Tire’s low eoleculear weight (nominal Mar2000), 
hy@rogemzted O8-Telagen-S hac previousty been charac‘erized and found 
to coctaia soe, wonc- and 7ifuacticsai prepolyeer. Ome additional iot 
ef OR-Telagea-S vhich is seing aed oe Comtract Bo. F046611-68-C-0045, 
“bysthesis aed Zveluation of Curing agents,” has been analyzed. The 
feectionaliry distr vetioa cf ist 242 2M 2/3 BA of UM-Telages-S was found 
co be os follows: 9% nomfuactionsi, 152% somofuncstivesl], the renainder 
beiag difecctio.al. Sirilar fuacrionality distribetions were found for 
pteviessly snalyzed lots of S-Teleges-S. 


A samcle cf the higher solecelar weight (sominal 4e-5000), 

wumsaturated O8-Telzgea, hos also beee azlyred. This polywer is the 
farst unsaturated, bydroxy fenctional prepolywer of the Teiages series 
of $000 nconimal wolecular weight rhat we keve tried to fracticasre by 
feectionality. The total sas- snd mosofus-tional cxmterit of Lot 242 
292/316 @% wes forad to be awat 32 wt 2. Fractionation of this prepolyser 
wes sc-eled-ep to provide sufficient queetities of pare difunct ional 
eed avectunctional <cterial for evaisatiaa «f mechseical properties of 
cures gunstceks. Equivalent weipht and aclecalar weight seacuracerts 
of the difencticesl ead scmofuncticaa) propolyanr here yielded the 
following walians reopect ively: 

Re difuactions! prepolymer : t- “ 379 7 1-9 


Le a 2: 
se egenofunctionel: f ig. Weight 6100 0.98 


Peactionuality distribution we.euremer’s were al*o cartied owt 
om the carboxy-emalogws cf the Di-Telagen prepolymer series. The om 
Telagee-S, lot 242 AN 273 CHR, a hydrogenated polybucadierr of 2000 
nominal molecular weight wes found to coataia abou. 7? wt 7 acnfumctional 
aad 23 wt Z anecfuactional prepolyseer. This confirss oer previces choervst: vas 
that the bulk of the onterial bering leas than theoretical functionaliry 
(f=?.0) {s aomofuacticaal (fel) rarber thar nonfuacttomal (f-0) - 


- 5+ 


The higher molecular wright (seeine? Mee), ensetureted 
(Oia-~-Telagen prepolymer was found to be wore stroagly adsorbed ca the 
silica gel than amy of the previcesly cheractr-ised prepelyuers. Polymer 
recovery wpon fractiowstice om silica gel wes caly 51 to 69%. Bwverthuless, 
the aoe- asd aoncfuections: prepolvner caowpoerets which are less sirengly 
adsorbed on the silica gel were eluted fraz the colom. Yhe total eon- 
ang woncfenctional coatest wes found to be about 2777. 


A sample of Excketdyne’s P-CISTE prepolyaer. ict RII-68, a 
aitre-flucro peepolyeer keving hydroxy faactional gross, was cheracterized 
with respect tc Sumaccfasalicy distributica. The nomofuncticonal couecant 
which wes also the lower enlecular weight fraction wes fownd to be 12-15 wt 2. 
Separations of di- and trifemctiocal compoeents was act realized. MBowrvrer, 
based an the analysis of the fiudividenl fractions the difuactionsal contest 
is approximately 45 to 50 wt 2 and the trifencticasal contest is 35 to W 
wet 2. 


Puactioeasality distribatice seesuremests of 3%"s ecw perf lecro- 
alkylese oxide prepolyerr, FC2202, chowed the presesce of 3-5 ace- 
fuactiomal and 7-92 moncfuacticaal prepolymer, the remeinder being difunctional . 


& series of geustocks hswe been prepared from pore difeact ional 
RY-Trlagens using three different isocyanate cure systems. Mechanical 
properties of the pure difuactioasl gumstock have been compared to 

prepared from HI-Telagen “as received”. Mechanical property 
scaruremeats were wade at three temperatures: -65°F, 75° snd 180°F. 


Camstocks prepared izom pure difumctional Ei-Telagen exhibit 
higher waxigwe stress ic <ls thas those prepared from “as received” BY- 
Telegen. All three cer. systeas show the same directionel effect. The 

iffereace im cxaxtawn etreca level for the “difwectional” and “ae received" 
g-astocks is anst prowownced for the THI/TENY cure system. Because cf the 
higher mexieee strese level of gemstocks prepared from pure di fwactional 
prepolymer the crosslinker level cam be sigvificantly redeced two 10Z 
eyaivalesr triicoryanate oc ever belor . 


At comparable triisocyamate lewels the pure “difemct ional” 
g=mmstock exhibits lower acxipum strain levels tam gumstocks prepared fron 
“as received” W¥-Telagea. Secaure of the eanofwacticna) prepolyeer contest 
of the “as received” HT¥-Telegea the latter guestock will exhibit lower 
crosslink density and hence higher strain leweis thea the pure difwe-ticasl 
geentock at idewtical trifsocyasate icwels. 


Gustoc.. prepared from the difeectional prepolymer aleo exhibit 
significamziy higher fmitizl moduli. The gemstock exploysing a cotal 
aruwatic cure system (TDI/TPNT; shows the aset drametic effet. The 
diffexcuce ie initial wodali betweem the “difwec’fosel™ gumstock aud 
“as received” guestcck dimimishes as the tenperature is decroesed. To 
obtaim low imitial moduli in gemstocks prepared from difeactiosal prepoiyeer 
thr trilsocyante ievel should be below 10 equivalent percenr. 


at comperable iriisocyaneace levels the pure ¢{fumct ional gues tock 
erhibits compisreatly significamtly higher Shere “A” bardmeso them the “as 
receiwed™ gumsiock. The differemces {r Shore “A” hardeesy are aost 


ae ee 


promowsced for the TEA/YTI cured gumstochs. ‘he aromatic ditsocyanste 
(YRi) alec results in kigher hardsess thee cure systems exploying 
aliphatic difisoryanstsas. 


Mosofuacticnal prepolymer was added to the difuncticanl 
prepolyeer in iacrecents of <.9, $3, 18 amd 27 eole 2 to arrive at & 
quenzitatiw: correlation of the effect of sowcfuactiosal prepolyact 
coupoweats on grustock properties. Two cure systems vere euployed 
vepraeventiag ea aroestic diisocyanste (TDI) asd an aliphatic difeccyarate 
(385) chaie extender. In ench curative syste. a triisocyiaste crosslinker 
was wsed. the di-/triisecyanate ratio was kept cowstaat at $/1. The 
addition of moncfunctianal pregolywer to the difuarctioces! prepolyerer 
vedeces the neximm stress level, the initial aodelus ea the Shore “a” 
hardaees bet facresses the strain ot maximo stress of the cared gumstock . 


The percentage decresse isn sexiaum stress level is siniler 
at all three tesgecateres. The decrease is weximem strese aed initial 
aods!us upon addition of the first 5 to 10 wole 2 mnecfwacticnal polywer is 
wore severe for the aliphatic diiseccyanete (BDI) chaie-extendead gunstock. 


The Shore “A” hardescs s.cws se sscentially lisesr decrease 
with iscresee in soeofuncticonsl] prepolyuer coatest. 


IV. YTROSHICAL PROCHESS 


A total of eight different prepolvmers were characterised with 
respect to feectiomality and fuacticuality disirf®utics. Al] are low 


molecular weight, liquid polybutadiesss. They differ, however, ia 
seweral cespects: 


® Different methods of polywerization are employed. The Telages 
series, mamafaccured by Geseral Tire and Rubber Cougany, uses 
an asicaic polwmerizatios process, whereas Sinclair's Poly B-D 
prepolywers are pregered by a free redical process. This 
difference ir the method of polymerization resalts in: 


a. different uicrostrectures and 
b. most significantly in differemt functionality distributions. 


@ YThe anionic process permits some cowtrol over the degree of 1,4 sud 
1, 2-addition. The free radical process, however, gives consistently 
SOz i,4-additiom (602 trams-!,4 and 202 cis-1,4) and M2 
1,2-additicn (vinyl groups). This difference in aicrostrecture, 
however, is not explored on this program. Our objective sas 
to quactitaz,-- > c.termine the functiouslity distribetion of 
these prepolymers, a parameter which is of paricular importance 
from the standpoiat of mechanical properties of the cured 
gums tock . 


@ The Telagen prepolymer series is gencrally composed of nca,- 
@ono- and difunctional prepolymer, whereas the Sinclair Poly B-» 
series comprises di- and trifuactional compoecnts. 


Im addition to this difference im microstructure aad fuactionality 
distribetion, the following differeaces are reflected by these prepolyuers : 


@ The type of fusctianal group (OB vs COOm) 
© Saturated (hydrogenated) ws unsaturated prepolymer (Telager cs Yelagen-S) 


@ There are a.so some differences in the solecular weights of these 
prepol yee rs. 


The sat. ited Telagea has a iover aolecular weight (nominal 2000) 
than the unsaturated Telagex (momimal 5000). The chotce of a lover aolecular 
weight, saturated prepolywer reflects the increased viscosity of the 
sateratied backbome . 


Im sections A through E the resuics of fumcticnaliry and 
functiomalizy distribution measurements on eign: prcyolymers are swemeri sed . 


Sectica F discusses the mechanical properties of gwastocks prepared 
from a pere difamctional W-polybetadiene and compares these properties with 
guasiocks prepared from “as received” 8Y-Telagen. The effect of somcteactioual 
prepolymer coatemt on mechanical properties was explored in detail. 
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A. Fumctionality ead Faactriomality Distriber ion 
Heasuremests of Sinclair's POLY B-D Prepolyeers 


Simclaic’s Poly B-D prepolywer series are low anlecalax weight, 
liyudd botadiene bhowopolywers ec copolywers cf butadieme and styrene or 
acryloaitrile. The ovo hydruzy-fuectional homopolyeers which are of fnteresi 
as propvellaat binders are desigmated 2-458 and B-154. The 2-158 bas 
a someshat bighcr eelecalar weight thaa the B-45M. The current price per 
powad (in drua quamtities) is 48¢ for the B-15M aed 54¢ for the R-45M. Yhese 
Prepelyweers have coasistently been reported to hawe over-])1 fusctionalities 
subetaatially in excess af 2.0. In the feilawing sectiom fwactionality 
and fuactionality distributica measurements of different polyser batches 
are discuseed. 


1. Sinclair's 28-454 


Three differeat lots (704211, 805101 2nd 805201) of the 2-4 
prepolyzer have bees chzracterized with respect to functionality end 
fvactionslity distributioce. 


i.1. Femectioeaslity Determination 


Feectionalities were caloelated from waber awerage aclecuiar 
weight measeremeats anf equivaleat weight ezesur orents : 


Pen Sunber Average Moiecelar Weight 
Equivalent Weight 


Munber average molecaler weights were obtaised by VFO in chlorc- 
form at 37°C. Al: aeaserenmts were extrepolated to zero comematration 
to obtais Qia)o. The concentration dependeace of solecular eight for the 
three locs of &-45M are shown ia Figures 1 chrough 3. They show 3 
significant eegetive coemceatration dependence, that apparent aclecular 
weigkt increasing with decrease in polymsr coscentration. The extrapolated 
molecular weights are summarized in Yable [- 


TABLE 1 


SUMMARY OF FUMCTICMALITY MEASUEEMEATS 
OF THERE LOTS OF BASH 


_ Equivalear Weight 
Loc So. (iajo (Grams of Polymer/Mole of G8) Fuactionalicy 


7OA211 2740 1196 2.30 
#05101 27800 1130 2.48 
935201 200 12% 2.38 


The equivalent weights were determined by reacting the polymer 
with p-tolueneselfonayl isocyamste {n diiste chloroform solution. The 
Teection is moaitcred by infrared. Details of this analytical method 
have by~ra descrited ta AFRPL-TR-68-237 (1). The results of the equivalent 


(1) Pumctionality Detersiaation of Binder Prepolywers, final Repart, 
October 66-Segcember 68, A. 3. Mmenker apd B. F. thadsom, Faso Keseurch and 
Engineering Go. 
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Figure 2. Comrentration deperdence of nusber average molecular weight for 
Poly B-G, 2-45M, ice SOSIQ]. in chisroform at 37°C by RO. 


1 
pos 
ot 

t 


i 

3, 
io] 

NW 

_ 

Po) 

co) 

eS 

rolek coe if ce ING at 


2400 


APPARENT Min 


ete we cman at ae Bernas ig ee le eas 


2000 


r 
Pi 
7 

Se eee tenes even ee 


ad 


$ 5 i : $ 


neoeeeet eer name apnmmnmeenlinearmins: nine fae samrerosrmnmanaaniben) ibn stone araensLaetanenesiail relies pen-te wiaatsrume atmisseatian nan na cesamuierrmmeieremasasnsetincin conan utiins «een suaunrmnseriren weal 


5 10 $b 20 25 
CONCENTRATION. a ‘kg 


werner ava or 


LoL depecdence Of sumber average wolecufar wed@eht 
B-G5M Jor BOSPO], in chloreferm ay 37°C oy VPC. 


ys oome 


lili Re ea Ee eh cer. ts VO he tS Le eh nas beset NUE ny eT La Bh chads di ig ye dts ts Ae Cee tee na i ee ine 7 Picts hk Pi cat ee tne i oe ie LO ee ee ee AE ee fae et eee Me het Mk tee oe 


ie 
j 


weight measurements amd the functionalities based cn molecular weight 
and equiva at weight measurements are sammerized in Table I. 


The .2 fumct: malities for three lors of 8-458 are subsrential.y 
in excess of 2.0. In view of this aigh averace fumetiowality (7.30 to 
2.48) the B-4S5SM prepolyeer should ceomtain significamt quantities of 
polymer components having fwactiomalities greater tham two. Suboceqnent 
Sunctiomalicy distriburion measurements hawe comfireed this. 


3.2. Functivsaelicy Distribution Measurements 


Fumctionalicy distribution measuremests were made om 411 three 
lots to determine whether there were significear differences in the 
distribution pattern. We hid prewiously deaoscrarted (1) that the B-458 
cmmtaigs no measureable quaztities of mon- snd sonofunctional prepclymer 
components. Our obfective was therefcre to separate che prepolymer 
inte pure difenctional amc polyfunctioma: components . 


4. Lot 20421) 


The solwent schedule that was found to bt particeiariy crtective 
ia separating R-654 by functiomality was 1002 CH2C1? followed by solwent 
sixtures of CH9Cl> and GixSs. 


Methvlene chlorice was used as the initial solwent iostea} 
of carboa tetrachloride which we hawe generally used for other prepolymers. 
Methyleme chloride affords greater ease of deserstion of the prepolymer . 
As shown in Figure 4, a fraction accounting for 42% was immediately eluted 
in response cto methylene chloride. Based om the shape of the elzction 
prefile we recombine: the individual cuts into four sajor fractious for 
subsequeni analwsis. The comentraticn dependence of sclecular weight of 
the four fractions is shown in Figsre 5. Analyses of these fractians 
are siwmarized below: 


Udemtizication: 47-54 

Silica gelipolwmer ratic: §9/h 
Polwmer charged co column: 1.l3/g 
Total goeliwmer recowerv: YS © 


Ae OG igsiweient #er ghet 
Prac tion st Total (Grams fo le of OR) MMi do Funct icoality 
i sae 19 MISC 2.07 
ti ae 96 2400 5. De 
ao lhla ae) 2159 2.95 
ry 8.4 Sm ee nk 3.32 
OS. OF 
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amelysis of Fraction IV has raised the possibility that this prepolymer 
comtaiws tetrafuactional cwgcaeats. The iatexsestiag finding is thot 
fwactiomality is a function o. selecular weight, the low molecalar weight 
componcats being trifumctious!] and the higher eolecular weight fractica 
being difenctional. 


Lots 805101 aed 895201 were subsequentiy fracticaated to 
determine the csriation in functiomality dis*‘ribution snoag different 
he tches . 


&. Loc 905101 


The solwent schedule vas similar tc that used for lot 04211 
(200Z CHzCly followed by a solwent mixture of 95% CH,Cl, sad 52 CB CH). 
Kewever, the profile wes shortened by switching to the 25/5 CizCiz7/CI es 
wizture earlier im the eluiion schedule. 


The resulting eluticn profile is shown in Figure 6. The 
individual cuts were recombined iatc four ajor fractions. During the 
recombination of Fractions! and II amd subsequent stripping at 46°C 
we obserwed chart these polymer fracticoos becase insoluble. Apparent iy, 
oxidative crosslinkig took place ssking the polyser izsoluble. There— 
fore, wo analyses could be obtained ce Fractions i amd Ii. Fractions 
Ili amd IV did mot show evideace of crusslinking and vere therefore 
amalyzed. Amalyses cf these fractions are summarized bela: 


Identification: 447-82 

Silica gel/poliywer ratic: 1100/1 
Polymer charged to colum: 1.18 g 
Total polymer recowery: 95.42 


We ft Equivalent Weight as 
Fraction of Total (Grams feole cf CH) (Mn) o Punctionality 
I 37.2 es mem 
il 10.0 a ee 
6-6 37.9 860 260 3.02 
Iv 19.3 570 i780 3.22 
95.42 


Samples hac becom: fmsoluble due ro 
oxnidaciwe crosslinking. 


Amalyses of Fractioes 111 amd IV showed that these fractions are 
trifuectional. Based oo furmctiomality distribution weasumements of the 
previous lot of 8-456 (lot 740211) and che similarity Seren the two 
profiles it cam be assumed that Fracttow I is difwumcticoal and Fractions if 
is crifumctional. te therefore assign che following tunctiomaliry dist ribuertioa 
to lor BOSIO!L: 


@ i272 difumecrical 
@ $82 trifumctional 


@ vemeinder (32° crifcee timagl cr above 
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ec. Lot 8052701 


Tie solwent schardule was again the same euployed for Icts M4711 
and 995131 except for ieccessiag the GigCK content to WZ. lacrersing 
the GiyH snlwent comtemt did met, however, speed up the elution of the 
trifemctic-al polywer. The elutiom profile is shows in Figure 7. The 
individual cute were recombined iato three mijor fractioss. Oxidstive 
exroeslinking again preweated the amalysis of Fractica Ii. Based om elurion 
profiles of prevtcesly amalyzed &-45M samples this fraction is beliewed 
te be trifeectional. analyses are summarized tela: 


Identification: 447-308 
Silica gel/polymwer ratic: 100/1 


Polymer charged to colceam: 1.20 g 
Total polyeer recovery: 92.8 


we 2 Equivalent eight 
Fraction of Toval (Crams/mocle of G3) Sinyo Fuect ional ity 


I 43.0 2005 3100 2.04 

ot 7.4 Sere Meee ee 

1m 42.4 72 2100 2.52 
92.8% 


Sample bed become insoluble de to oidative 
crosslinking before amalyses could be obtained. 


Loe 805201 therefore costaims approrimately 417 difumctional 
polyaer of (Hn)o4100, the remainder being trifunctiosal, having a 
aojecular veight of about 2100. 


A comparison of functionality distriburicae wsasuremests of three 
lets of R-454 shows that the difumctiomal content is approximately 40 to 452 
with » so@imal wolecular wright of «00, the remainder seing trifumct ional 
with a eomimal wmlecuict weight of 200. All three lots Lave consistently 
showa this depeedenc. of Sustionality on aolecular weigh= . 


Oe a molar basis, the fumctiomality distributicn of the 2-454 
prepolymer vefiects on ewes higher triol content: 


Puactioaaelity Distribetion of 2-45M cn a Molar Basis: 


Diol: 25 Mole 2 
Triol: 75 Mcle % 
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3.3. Effect of Silica Gel/Polyner 
Ratio op Separatice Efficiency 


The two eajor parameters which Largely costro]l the fractioustion 
efficteacy of pcepolymers into their fuacticaal componeets are (1) the 
silica gel/poiyeer ratio, sad (2) the desorbing power of the eluting 
solvent. We have explored the effect of the silica gel/polywer ratic fe the 
case of the 8-45M prepolywer. ‘Yhe ratic vas waried frow 10/1 to 1090/1 
waing 10OZ Ci>Cl> an the eluting solvent. 46 the criterice of fractiomatioca 
efficiency, we chose the wt 2 of the prepolyeer eluted after a total elution 
wolume of 400 mi. This fraction geserally accounts for 42-43 wt 2 for 
this particular batch of 2-45M if separation between di- and trifucctiocnal 
prepolymer bes been achieved. If this fraction is greater than 432, 
thes trifuactional prepol;-wer has been eluted together with the difwuactionai 
prepolymer. Figure 8 shows the vt 2% of this first fraction as a functicn 
of silica gel/polywer ratio. 


le is apparent that at a silics gel/polymer ratio somevbst less 
than 40/1, seperation is imcomplete ami! trifunctiogal polymer is eluted 
together with the difunctioaal prepolyper. Yhe winnie silica gel/polywer 
ratio required for fractionstios of B-45M imto its fuectional caompouests 
wsing Ci7Cl? as the eluting solwest is therefor: sbout 40/1. It should 
be reslized, thowgh, that the optiswe ratio is a faection of the solvent 
schedsle sad the prepolyee;r . 


2. Simelair’s 2-15h 


To determine whether there is a substantial difference between 
R-45M and B-15M, < sasple of B-15H, lot 707203, was also characterized. 


2.1. Functionality Determinat ioe 


Based on mumber average molecular veight seesarements by VPO end 
eqaivalest veight seasurements based on the reaction of the prepolymer with 
p-toluenesulfoay: fsocyanate the folloceing functionality was caicnlaied: 


This fumctionality is fdemrical ro lot 8” ‘1, of the R-4S56 
prepolymer. There is a significamt, it not dramatic difference im molecular 
weight bemrren the B- 15M (3400) amt the 2-iSM (7800). 


"= 


2.2. Feumectiomality Distribution Neasuresests 


The elutiove schedsle wns ideatical to the ome sased for the R-45M 
prepolymer. The resultiag elution profile is shown im Figure 9. Onidative 
croasliaking use ageia in evideace view the individual cuis comprising 
fractioe I were combieed and stripped wder vacuum at 40°C snd subsequest iy 
exposed to air. Tue imitial part of the profile (see dotted lime of Fraction 
1, Figure 9} was therefore repeated. Fracciom I of the repeat fractionation 
accowsts for 44.6 wt I of the total pelywer as compared to 47.6% of the 
feitial fractionation. 
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WT. % OF R-45M ELUTED AFTER 400 ML OF CHOC, 
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Figwe 8. DEPERSERCS OF THE WT. % OF R-45M, LOT 805201, 
ELUTED WITH 800 ML OF CHo“i>» AS A FUNCTION OF 
THE SILICA GS'_ POLYMER RATIO. 
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analysis of Fraction I showed chat this fraction vase difumec tional 
a had been expected. Fractions ITI amd I}2 were found to be trifumetiomal. 


Cowplete amaiyses axe giver be low: 


Idemtificarion: 447-906 and 447-112 
“-lica gel/pelymer ratio: 100/11 
Polywer charged tc columm: i.20 g 
Yotai pulemer recovery: 86.5% 


we z Equivalear Weighs = 
Fraction of Total (Gramelamlie cf O8}F {Mado Funct ionality 
J 47.6 re rn a ee 
44.0%* 2750 3706 2.07 
ir 24.2 810 2433 3.02 
iil 14.8 716 21 3.04 


® This fraction could not ve arairzed because 
of oxidative crossiinking 
@2 Bepeat of initial segment cf pre“ile 


Based om the abcve tata ve can comclade thar tout «52 <f this 
exepolywer is difumctional, about “ wr 2 is trifumcticnal and the remaining 
prepolymer (152) which could not be “esorhed is also presumed to be 
trifumcetional. 


A comparison of the funcrinality distribution of tre #-.5é™ 
ard the B-15M prepolywets shows that trifumcricnal prenolwmer is the 
major componen. (morethan SOT) in both prepclywers. The &-15™% appears 
to taave a slightly higher difenactional comrenr thar the 3-43M. This 
apparenciy siight difference ie difumcticnai polymer conten: maw further 
diminish upom aralivsis of additional iors of G-15™. 
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Silica gel polwmer racic: 79°21 
Total poivmer charged: l.l7 g 
Total polwner recovery: 92.6% 
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This lor of O@-Telagen (neminal molecular weight 3060) was 
purchased from General Tire amc Bubber Companar fcr use om both Comtractes 
ieee 1 -69-C oR ao POSG11-6$8-C-045. This polvmer is the first umsateo- 

ec, hwdeouwfunctional prepolymer cf tne Telager series of SOOO nowinal 
ecular weight we have tried to fractionate bw functionality. 
. f@S Scaied-sp for evaluat 
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2.1. Fumeticnality Determination 


auaeet aerate molecular weights were Getermined in ch!,. 


Equivalent weight measurements tased on the reaction of the 
orepclwmer with p-tcluene sulfonyl iscewanate are as f2ilows: 
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The first fractiomtion stedy wes carried ost et @ silica gel/ 
polyser ratio of $5/) esing CCl, amd mixtures of CCl, and CRCl: of sro 
gressively higher OBT1; coctemt. The resulting elution profile is shows 
im Figure 13. It is apparent frm this profile thot an significnat anceet 
of polymer wes eluted fron the colum in respomse to CClg. The first sig- 
sificsat elatice (fraction II) sas is respumse to wixtures of C1, /CECLS 
aud/ox 100% CBCi3. Fraction Il wes followed famediately by the aejor frac- 
tion (aajar pezk ef fractions Ill) ie respouse to 1007 CHCl3z- The frac- 
tiosation was terminated after $3.67 cf the polymer hed been recovered. 
Avalyses of the fractiogs shows same Separati~n by fumetiomaliry. Fraction Lil 
appareatiy comtaiaed some momofumctiomal material in addition to the difunctional 
polyeer. 

Idemtification: 447-116 

Silica gel/polymer ratio: 95/1 
Tocai polywer charged: 1.372, 
Yotal polyeerer recowery: 3.67 


Li as Equivelest Geighr =! 
Prection Toral (Greusfaole of O08) imo Fwactioeality 
I 0.4 wee: Pi see. 
1X 16.4 6800 4800 0. 8 
3 8 i 6S .8 2600 4549 1.75 
83.6 


@ analyvis could act be obtained because of seal! sample size. 


Tee profiie imdicated tat CCl, Lacked sufficient sesoar ding 
acitoc whereas CHCl; wes too strong a desorbing agent to permit seszratice 
by fumctiomality. Yo comfirw che Stromg desorbing sower of ORCly, a frac- 
Ctiomation s.ud+ wes carries out using ouly CHCl} as the eluting solvent. 
The resulcing profile is denicte4 ic Figure i+. The grofile wery clear? 
demonstrates the desorbing action of CHCl} anc the lack of sesaration cs 
the polymer into distinct oeats. Elction fram the column wes terelnat< 
afcer 81.2% recowery. 


Specific comditioms are summarizes fe | oes 


Iventification wwe Te Le 
Siiica gei/polwmwer ratio: id0/1 
Total polymer charged J. 95ég 
Total polymer recowery: ar es 
Mo analyses were carries cut 
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in subsequent studies, we lowered the silica gei/polrmer 
ratio amd also inwestigated the effece of the chloroform content cof the 
carbon tetrachloride/chicrcefcorm solwent mixture on the efficiemcy of 
polymer fractionation. Figure i5 shows the elution profile ar a silica 
gel/polymer ratio of 26/i. Ewen at this comsiderably lower ratio, less 


than 12 of the polymer is eluted 
containing up to 202 chloroforsa. 


by CCi, and CC1,/CHC)3 mixtures 
There is a significant respomse to the 


60/40 CLs/CEClS selvest mixture whic: elutes about 262 (Fraction Il) 

of the total polymer fram the colum. The bulk of the polymer is subsequently 
eluted in respomme to 1007 chloroform. Fractionation was terginated after 
99.1% of the polvmer had been recovered. Analyses of the fractioms are 
summarised below: 


Identification: 427-138 


Silica gel/poivwmer ratic: 26/1 
Tetal polwwer charged: 3.869 ¢ 
Total pelwmer recovery: 989.12 
Equivalent Weight 
Fractice we ft (Grass/aole of GH) (Mino Sumctionality 
= 3.9 Setesees Sooo ee eek oe So Sats 
ii 25.9 $83 4900 0.84 
Il! 10.3 Jiee 4700 1.30 
iv 52.0 26X $200 1.98 
ae i 
* So analysis could be obtuined because 
of the small sampie size. 

Based on these cata tne total aon amd monocot wacticmal prepolymer 
comteat is in excess of 27S itotal of } and if) Fraction FIL is 
appromimarelwo a XO°SG mixzture oc: wonc- amt aifumcticnal prepolrmwer. The 
tofal mon- and mencfumetionmal content is inerefore about 375 

2.3. Secale-ug of the Practs omarion 
of Ob-Telager 0 

The two mayor parameters wh. .t serve ly comtrol the fractionation 
of the Udf-Telagen prepolvaer tat. ite fam tional i cmpoments aro fi} che 
Silica ge'/polymer catio, aad of: tte gee crbing power of the elutin 
solwear. These variabies were supicre¢ on 4 swmaia acale before scaie- 
up of the chromstc graphic sepa catios wae at iempies Feact tomar ions 
have been carried out ar ariice gel poismer tarica of TS .60f aue fei 
AS tne shiica gel polemer ratio fh fectuwed ike Samia Sonmbent of iow 
SOD OURD) elubing solvest iss ilar decreased tf. teduce the Jes orhing 
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Figure 16 shows the elution profile at 2 gel/polymer cratic of 
15-6/1 using 1062 cCig, 70/30 CC1,/CHC1, and 1007 CHCl, fn succession. 
Analyses of the three major fractions are summarized belaz- 


Idewtification: 447-160 

Silica gel/polwmerization: 15.6/1 
Polwmer charged te columm: 6.415 g 
Yotal polymer recoverw: 92.12 


Equivalent Weight 


Fractioc wr. 3 iGrams/Mole of 04} (Am)o Pum tt lonality 
bf 9.3 staan eteeeenaneeataceeetaaatal Pe nn nn ne 
It 24.7 4549 A70C 1.04 
1il 10.5 £799 4300 1.02 
Iv 56.6 2620 5000 1.91 


*S zap Le size tuo smll for analysis 


It appears that some difunctiomal prepolymer may hawe been 
iucluded in fraction II as a result of the reduced silica gel/eclyser 
ratio. 


Figure 17 illustrates the elution profile at a further reduced 
silica gel/polymer ratio (10/1). The solvent schedule was 1002 (C1, 
and 86/70 CC1,/CHC13. Yhe profile has been cousiderabiy condensed and 


there is less separation between sajor peaks. Analyses are susumar tired 
be low. 


Identification: 471-8 

Silica gel/polwmer ratio: lori 
Total polwmer charged: 12.737 ¢ 
Polvmer Recowerv: 88.25 


Equivalent Beight 


Fracttoce we. (Grams ‘Mole of Ob) (Maye Func tiomas ity 
I 31.9 4015 » SO} bad? 
il o.4 6 Od beet 3) Glade 
1h 49.7 Zend 2600 1.23 
88.2% 
These tata comfire the trent inficared tn rum 447-160 :oar 


rt progressive is lier sisisa gel polvaer orecios sowe sifunctlonal poleser 
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Figere 1f sows the erution profile (471-32) at the identical 
mel ratio a wn 471-8 (i.e., 10/1} but using 1002 CCl, followed by 90/16 
CCl, /CHC], av the elution schedule. The effect is very drimstic. A 
fraction accounting for 24 wr 2 of the total polymer charged {is eluted 
ia response to the 90/10 CCl,/GW1, solwent aixture. However, the 90/10 
CC1g/CHC1L, wixture failed tc elme the major peak (difucctiosal poiyeer). 
Even the subsequent use of a 80/75 CC1,/GHC1 3 solvert brmght omly little 
addizionaj response. There is z, sarently a wery significant difference 
in the eluting power of a 90/10 ad 86/3) CCi,/CEC1, soivent aixture. 
Seo analyses hawe been carried out om run 471-32. 


identification: 471-32 

Silica gei/polwmer retio: 10/2 
Total owlymer charged: 12.960 g 
Total polymer recowery: ¥W.52 


Yhe fractiomation ot Ol-Telagen by coivmm <hromatograpty 
Was subsequentiv scaled-up to the 400 zg lewei. A large glaesa <cleme 
hLawing the tollowing dimensions wat employed: iength=€ feet, diameter-100 an. 


Y ree srale—up cias Gi the f:actioaativa of J-Teiages vere 
mace. Two ..f tbe runs were carried out at a Mi siiica gel polwmer 
fatis and cw af a 15/1 ratio. Ail three el»tioa profiles ere wert sintlar 
(see Figure: 19 through 22). The appropriate fractions weie cherec: ari sed 
with respecc to equivalent weigh’. Sased om the equivalent weights, 4 
nominal functionality vas assigned co each frectiom Details of rans 
472-70, F2 and 94 are given belmw. 
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Identification: a7i-Ts 
filica geispolwmer racic: 15 1 
Yotal polwmer chatgec: «16.5 g 
Polymer Recovery: 92.1% 


i os Equivalent Weight 
Fraction Teta (Grams “Mole cf .&) Sominal Fimctionaiity 

i vel = c 

iz 5.5 8,600 ak 

iit Bast! 3,00 i 

le Said 2. 

° 1.9 ie 

Vi ee 27H) 2 

eas ane 2.738 2 

vet 6. 2,350 2 
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Identification: 471-82 

Silica gel/polymer ratio: 20/1 
Total polywer charged: 315 g 
Polymer recowery: 31.74 


We. 2 Equivaleat Weight 
Fraction Yotal (Grams /Mole of “W) Moaminal Functionality 
1 0.3 * 0 
Il 1.2 37 ,Q0Oss QO 
Ii! 29.3 &, 380 I 
Iv 2.6 3, 700 2 
Vv 58.1 2,680 2 
91.72 
%Ho hydroxyl baad im the iafrared; functionality = © 
**Esgsentially nsonfunctional 
Ideatification: 471-94 
Silica gel/polymer ratic: 20/1 
Total polymer charged: 314.3 
Polywser recovery: 90.52 
We. < Equivalent Weigh: 
Fractioa Total (Grams/Mole of Of) Sominai Fumcrionalicy 
I 0.2 bad rv] 
8 § 23.1 5300 1 
itl 2.6 3610 1-2 
1v 64.4 2560 2 
90.52 


Ho bydroxyl baad in che iafrared; functionality = 0 


The appropriate “¢ifumctiomal fractious” from the three scale—up 
ruas of the fractionation of O-Telagen hawe been rechromatograpbed to 
yield about 200 grams of pure difumctional prepolymer for gumstock studies. 


Equivalent veitght and molecular weight wseasurements of this 
difuccetional polywer have yielded the foliowing values. 


pu —Otmde | 5800, ) gg 
Eq. Weight 272% : 


- 41 - 


Yo further confirm tme purity of this difumctional prepolymer , 
we hewe rechromatographed a smal! sasple om an ansiytical-size colum. ey 
moofanctional ccmpomwnts that are pretest would be conceatrated ia the 
frcet segment of the ciuiion proffie. Fractionation was cazriedé our at 
2 silics gel/poiymer ratio of 1100/1 and vieided the elozrions profile sham 
in Figure 72. 


Analysis ot the first fraction eluted from -he columm gave 
the following analysis. 


Based of these data it cam be concluded that the polymer is 
pure difunctional. This materia! was subsequentiy used for gumstrock 
studies to determine the mechanical properties cf a purely difuncrional 
Ohi- orepo ivmer . 
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C. Func-iomaiicy and Fumctionality Distriz<ica 
Meas. rements of Ceneral Tire’s OOO8-YELAGEX 


General Yire imd Rubber Comupsesy produces also the cartoxy 
analogue of the Of-Telagen prepolyser series. Aga n botr a hydrogenated, 
Us0E-Yelagen-S, and the umsaturated analogue, COOH-TYelagen are swaiiabdic<. 
Samples of Soth preqgolymers vere acalyzed om this prograr. 


3. OOLE-TELAGZS-S (Somina!l 2000). 
Lot 242aq 273CHR 


Pre-fous lors {1} 2 GO0H-Teiagen-S prepolyme: vhict had been 
analyze? had wriel in tote’ monm- and mcenofunctional polyner content fror 
16 to 38%, the Scla cf this fraction be1ag mopofunctional. This latest 
lot of OO05-Teicgen-S had a soe- cond somofunctionai prepolymer content 
of 252. 


1.1. Fumctionality Deterainat tor 


This prepolymer lot was found to comtain about 0.452 volatiles. 
Molecuiar weight: were obtained after removal cf the volatile componeats. 
The comcentratics cependeace of apparen: molecular weight by VPC in 
chloroform at 37°C is show in Figure 23. Of particular interest is the 
positive slope cf the moleciiar weight dependence op corncertration, the 
molecular weight gecreasing wich decresse in solvmer coacentratica. 
Tois refiects at ieast in part the assecciation of the prepolvaer through its 
carSoxy-functional groups. Som of the Of-crepolyners show this type 
of comcentration dependence. Yhe extrapolated mole-uiar weight, (Ma)o=22 20. 
The equivaient veign: sf ctnis prepolymer was detervines dv potent icmecric 
titration of an MEK soiution of the polwme. with 0.1 “ tettabutyl ameocium 
Averoxice in methanol vielding a vaiue of i170 g-mole of Gig. 


Sesecd cn .2.eSe measutements, the coicclazed ferceionmalics is: 
o> he 
{ = aae2 = , 9 
2i 0 
s-2. Fumctionality Distribution Measurements 


To determine its functisnalicy Cistriburios the pelwmer was 


tTractiwmated oa silica gel using the following solvent schetdcle: I207 
ely. Btuteres of CCi, amc Shcl,, LAL WO. , and mixtures co CRC]. and 
CRyQHy MH. The resulting elstione profile is scwam in Figure 2s 

2 : z 


Amalvses of the recomoined fractions are surmarizec seis: 


Idemtification: 44%-+1 

Silies zgel/polwmer ratis: eri 
Polyeer charg? tc lowmr: i.57g 
Tutal Polymer Recowerw: 291.52 


Wes tquivaleat seignat = 
Fraction of Tota) (Grams/aole Gus) AMadec Fue ciomali ty 
t 6.6 T7100 co Ww. 32 
ie} 38.3 28% 28G2 &.99 
ee | 2.7 +e 2150 2.93 
Ie _4.$ ios 2i™) 2.02 
91.9 


~» 


The first f: action accousting for 6.5 w. 2 is a mixture of 
ao.- and aomofuncifems:i prepecivecr. Based o7 its oweralil functionality 
o& O32, approzimarel: 1/3 is momfurcriomal (2.22° ard 2:3 is monofunctional 
74. a2, ® actions Il 118.1%) is clearly monofunctional and fracticas '1I 
aed EV are difunc.‘om.l. The residual 8Z whicn could aor be derwrted are 
presumably also difumct..wa’. The fuccstiosality distriburiom of rhis 
pret:.cvm@er {t¢ therefore es foliar: 


Yonfunctfonri: 2.2% 
Momefunctlonai: ¢ 
rs 


-+ 
Difiritional: $72 
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Figure °3. Concentration sepemierce of =o) 
Crami-Telagem-£, batch ac. 2s 
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om tne <turative programs 
Lhe carboxv-francet tomad 


ye lerms rat ton 


molated mlecuiar weight c 


of the prepelvmr was determined 
of che pciveer with 
iding a waise of 2650 ¢moie 


& 
O.1 5 


os 


Zaped on these measurements, the calculated Funcriom@eitty is: 


<-2- Functionality Distribution Measurements 


Te car Firse fractionation steady with cor G0Ch-Tei agen 
ba prepoivmer we eaployed the samc volwent schedule that had previously 
ro beer applied successtulisv to the icwer wclecular weight (2300), hwdrogenaied 
prepolywer, OME-Telages-S. Polymer recovery in excess of 950 had bees 
realized with the OOOE-Telagem-5. The umsaturated, higher mclecular 


c 7 


weight O00H-Telagen, however, upon fractionaticn gave only 2 recowerr . 


Figure 3% shows the resulting eicrion profile after the particular 
Scolwent schecule used. Fraction 1 cauid act be analyzed because of the 
Smail guantity inwolved. The infrarec spectrum, acwever, showed 4 weak 
KH a sorptica dand. Since the foilowing fracticn was found to be 
composed of ace- and sonsfumcticoasi polymer, Fraction I is alse believed 


\ tc be a nixture cof non- and morofunctrional material. Inspection of individual 
Fe cuts comprising Fracticn 11] reweaied the presence cf a crystalline 
=: materiai whics is believed tc bse additive {amricsidant). These cuts vere 


act im luded in Fraction II but are reflected in the total percentage of 
Fraction Tl. Analyses of tne fractions showed that Fraction iJ is a wixture 
of nom- and wonofunctionai aaterial whereas Fraction [11 is purely sono- 
functional. Fraction Ly was essentiaiiy difuncticma:. The remaining 497 
wnich could mot be desorbed are alss beliewed to be difumcrionaal. The 

tetal noe- and sooofumctiona! content is toerefore about 272. The results 
of the fractionation are summarized on the following page. 


entificarion: 447-i14 
lica gel/polwmer ratic: 
tal poliwmer charged: 1. 2B 
2 polymer recewerv: $1. 
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Equivalent meight 


Fraction ae Grams ‘Mole of Q05) (8m)o Funct tonality 
- 2.3 en ee eee ee ee 
Ir 18.6 6729 Sake o.7e 
Tit 5.7 3810 SRR £19 
r¥ 24.8 1950 3800 1.95 
$1.4 


* Because of sazil sample size nc analysis 
could be obtained. 


In attempts to isprowe polyw@er recovery, 100% CHC13 was used 
ae the initial solwent. Figure 27 depicts the elution profile using 1002 
CHCl; amd subsequently 95/5 CHC1,/CH;CHO0R. Although polymer recovery 
was somevist improwed (68.8% vs 2). ) separstion efficiency was adversely 
affected. Fractiom I (33%) was 2 aixrure of non-, wno-~ and difunctional 
polywer. Fraction Ii was a mixture of apno- and difumtional polymer and 
Praction III was difumctiomal. Results of fractionation 447-14 are 
sumetized bela. 


agentification: 447-146 

Silica gel/polywer ratio: 1100/1 
Total polywer charged: 1.338 g 
Total polymer recovery: 68.582 


Equivalent Weight 


Practice We Zz (Gram /Mole of COCR) Qtado Fumct iomality 
I 33.9 6200 5300 0.85 
Ir 21.2 2380 3800 1.60 
111 14.6 2000 4100 2.05 


4200 | 


3800 | 


APPARENT Mn 


2490 


3000 | 


Figure 25. 
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Concentration dependence of number average solecular 
weight by ¥RO for CO0#-Telagen, tot 126, by TPO in 
chlorofore at 37°C. 
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Fumctionalicy asd Fuecticnalicr Distribution 
Measurements of Rocketcyse's P-CDMSZ Prepolymer 

Aboot iS grams of Eocketdyne’s P-GORFE prepolymer, let f7i~68 
were received fcr functionality distribution measurements. P-GOMFE is 
anitro-flooro prepolymer vaving ‘ecrcoer-fencticmal groups. Only om lot 
€ETI-€2) was characterized om this sregrae. 


i. Fuccitionality Setermination 


Equivalent weight dererminarioes of P-CUOBFE, ict Fri-G4 were 
mode in duplicate by reaction of the prepolywer with tolvese aslfooyi 
Seotyateic ag cBici cit eeimsen, A AY peel Remceane pret it Ox conomen 
vith excess tolvece-suiiumyi (socyanae te as monitored by I@ ’.; shown 
in Figure 27% The reaction is esgentiallw complete after ~ hours st ambient 
teapersture. Excellent reproducibility was obtained as si own by the 
following equivalent weight detersxinations: 


Equivalent Weight 
(Grams /Mole of Off) 


1288 
1294 


Average: 1299 


Molecniar ueight measurements of P-DSF loc ELI-68 were cbtained 
by ¥PO in chlcrofora at 37°C. As shown io Figure 29 this polymer exhibits 
omly a slight concesrtration dependence of appare.t aolecnlar weight. 

The extrapolated eolecular weight is (Mr), = 280 which is in excellent 
agreemeat with the data reported by Rocketéyne ‘Ha « 2794). Based 
os these measurements the calculared fumcticay -ity is: 


2800 | 
f= 1290 2.17 


These data suggest the presence cf compoments having greater 
thee eifunctionualiry. 
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Figwe 29, CONCENTRATION DEPENDENCE oF MUNBER AVES Scr 
MOLECULAR WEIGHT FoR ROC KE TGYNE-S P~GORFE, 
LOT E11-68, Im CHLOROFORM AT 37°C BY vpn. 


The fract lomario, of Bie@rclrwers tacn their fmactiona: OMB aenis 
by elurin: chrom tacraphy wa activated silica Re. hae been extends! co 
the P—Comp,. The: development of ®@ suitable sotvent Sy¥8lem ie the tey 
factor whic, Get ort ne she <i ficiency of Separation by functionality. 


Im our fi-grc experiment the following $02 vent schedule eas used: 
1092 Cac?;, CHI 3/CNZC1, mirtures, 1007 CH2Cl: and fimaUly an 30/3) aiatire 
of C821 9/CR CH. These studies indicated that this Prepulymer is ‘ery 
Strongly adsorbed OO acl iwated silica gel. As shown in Figure OY. chlorofore 
and methylene shioride wii cy have been used in the pase ta fract:onate 


«luted the Polymer vith nc *pparenr fractionation. Basted on tuene observacio. 
the solvent schedule vas Smssquenr ly modifies b; slowly facreasing the 

Ci3zce costenz in methylene ch toride from wero Percent tr 25 wol. X. the 
resulting elatiog Profile {ts thon in Ficwe 33 Isdividea: Poi peer fT ractisas 
were recombined into four masor fractions for Subsequant amalysis. 

amalyses of these fractioss are summarized om the nert Page. 
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In @ sumtsequent third fv cteiocmacicn, me ¢lutisn schedule was 
further rodified by eliminating ss :semt ccarpositions of 8 IL gf 0s, Gad 
ams 32.82 CH9Cl: Cigch. Eontead ~- = acetenitril 2f the solvent 
Minturet was stepmriss increzsec fr. GOO te & im@iiw ¢5 $5 i5 
CHyCis. CaN. AS @ result. the ef tion profile was expanded as show in 
. > ww 
i 2 Z adi reco £ c 
- 


3.3 
ii 19.0 1620 i B&e 1.23 
iia nee3 2129S 3720 2.3% 
iy c2oe Lae 230 7.99 
v Le .t 2229 EOE ~.4+6 
vi ia. Lise 2o0C 238 


4 


Functionality daia on the individva: fractions sacs that won 
Teacticonsl componen:s have been separared frow the :«tal eolveer. The 
moesiccciiomal tompemects wricr accousi for aeourt il-is wt 2 z 
aowec molecular weight components. Separstion of di- and tr 


IomMponenté was mot realized. Sowewer, SDased om the analysis of the indiwiduai 
fracticag the approxiaate functiomalircy distribution of P-<CDRFE, Ic- EII-68 
is as fol loos: 


see ts 


@ if-li wt © momefumctiomal (including a small fraccion of 
nonfunctional material} 


e 45-5) we & difcooctional 


@ 35-80 we 2 ctrifurcticnal 


This functiomality distribution is only representative of lot 
ElI-68 acd may act reflect the typical distribution of P-GDMFE prepolymer 
Lows. 
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E. Freactionality oma Fumctionmalicy Dis- 
tribctice Measuremests of 3H’s Per- 
fivoresikylene Oxide Prepolymer (FC7202) 


& sample of 3N‘s FO2202, lot 2, was received from Alleghasy 

Bellistics Leborstory for characterization. The fumctionalicy distr ibut ico 
of this acw 34 prepolymer is of particular interest since it reportedly 
differs significastliy te femctianslity froe M's old paszolyaer (RYPFO). 
& sample of the old EYPPO prepolymer had previamsly beer sealyzad by Zasc (1) 
wed found to owe « fumctionslity of 3.5. Fumctiomslity distribution = 
erasurements showed that the an jor compoments { >65 wt Z) were polyfuncrional 
(f£ % 3). 


1. Fwmctionglity Determinet ioe 


Squivelent veight weesurements cf JM's FCZ202 prepolyrer, ict 2 
have Seen carried cut by resctise cf tie prepolymer with toluenesal fosy) 
isocyamate. Since the prepolyarr is ect soleble in chloroforu, ag standard 
eolveat., a acu calibration was established iz Freonm-215 (trichloropmetn- 
tiveropropmme)-. Figure 33 shurs the linear calibration plot relat ing 
tolarnesulfonyl isocyeaate skeovbance at 4.46 to wt I cooceatratioa of the 
isecpumate im Preon 215. 


Bquiveient weight sessuremeets vere eude iv duplicate yielding 
the following vaiues: 


Eqaivaleat Weight 
{Grwns Mole of Om) 


Average 1119 


This vaiwe is ia good agreement vith date ceported by the KA Coxpany (1090 
gravs/wole of Ou}. 


Molecular weight mensuremeats were obtesincd by FRO je Preo-215 
at 37°C. The extrapolated wlecuiar weight ves foued to be (Ma), = 2300. 
Beeved ca these sessurements the calculated femctionality is: 


f = 2.07 


~ 2300 
1110 


commana: 


() a. a. Meeeker and 8. E. Badecn, “Fumctionality Determination of BRimler 
Prege lymers", Esso Reseach and Emgiocering Conpeny, Sept. 1908, AFRIL- 
TB-<o-73)}. 
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2. Femctionalit, Gistribucicn 
ives aremen ts 


To find 2 suitabie solvest system for th fracticoustion of the FC2?C7 
prepolymer oa silica gel we initiaiay stedied the system Freon 113 amd mixtures 
Of Freon {15 with diethyl ether. Prepolyeer selubility limits the sumber 
ef peter ulel solwent systems. The abowe solwent systems has reselted in the 
elation profile shown in Figure @. Recovery was 95%. The eluted polwwer 
wees recombined into four es jor fractious for analysis: 


Identification: 4&/.-1i8 
Silica gel/polywer ra.io: 84/1 
Total polymer charged: 1.186 ¢ 
Polymer recowercy: 95-32% 


Pquivalent Weight 


Pract to: Ut. 2 of Tors! iGraes/Mmoie of Ga} OM), Fuactiouslity 
I 12.7? 6040 2200 0.3% 
im 46.2 4529 3100 2.05 
vit 19.1 860 1800 *-0 
Iv 23.3 620 1300 2.1 
95-31 


Pusiysis of the individual fracticas stows that the sow- and 
ecaofuactionai cumteat is sbout 12-13 wt Tt, the remeimder being difumct iona.. 


One additions! fractionation cf FC2Z202, lor 2, has beem carried cut 
om activated silica gel osing Freon 113 sad aiutures of Freon 113 aud 
acetamitvile as the eluting ecolwent (ser Figure 35). Fractiama-ice has 
agria yielded fractiacs of increasing hydraxy! content. However, only 692 
cf the polywrr charged sas eluted fros the cOlum.- TYbree mejor fractions 
were isolated for asnlysis: 


Identification: 471-133 
Silica gel/pulymer ratio: 60/1 
Total .olpmer charged: 1." g 
Polymer recovery: 69.271 


Equive lent Ve ight 


Pract ica Wt. 2 of Total (Grans tole >f 08) 
I 3.4 18 ,900 
i 7.3 2,900 
reat B.5 80 
67.27% 


Fraction [ which sccsumts for 3.4 wt. L of che coral polyeer is 
tsegentially scefunctianal. Sased om the analysis of the two fract iomat ians 
{474-233 amd 471-113) the some fumctiogel comtest is abour }- FTE acd the gomo- 
Fame tional grepolyees cOmcent is 7-91. 
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The abilicy to determine the fumectionality distributies of 
prepelymers amd {© separate srepolysers into sou-, sone- and difusctional 
components has opened up new areas of binder atudies. The following sections 
deal with the wechenical properties cf gumsrocks prepared from 2 parely 
difunctionsl polybutadieme prepolymer and cappare these properties to 
gumstocks from "as received” prepolymer. Also che relationship between 
wechanical properties and nmomefuactional prepolymer conteat has bern 
explored. 


i. Mechamical Properties of Gumsitocks 
Prepared from Pare Difunctional #7-Telagen 


ard “As Received” Wi-Teiagen 


Gumstocks hawe been prepared trom the pure difunctiomal #I-Telazgea 
prepolyser previously isclated by siiica gel chromatography (see Sectiom B-2.3) 
and compared to gumstocks prepared from “4s Received" HT-Telagen, lot 242 SB 
292/316 AMG. Three isocvamate cure systems were evaluated representing cae 
arcemtic smd two aliphatic diiscevanates. In all cases, trifsocvamates were 
used as cro@s linkers: 


e 2,4-Tolyleme diisocvamatre/tripheny} msethame trijisocyanste 


o Bexamethbylene diisocyanate/tripheny!] methane triisocyenate 
* OGl/triphenr] dimethyleme triisecyanate 


The diisocvamates, except Gemeral Milis’ DOI, were distilled prior 
to use. The two triisocyamates, triphery! mecha. triisocyamate and trf sheny] 
dimethylene criisocyanate, were purified by precipitation aad subsequent 
vacuum distillation (1). All gumstochs were presared at sicichiametric (1/1) 
MOOR ratio aad cured at i50°F for seven dave. Unlaxfal cernsiie-strain 
properties were measured at I< inches/minute crosshead speed using 
adcro—dusbbe Lis - 


Mechanical property measurements were made at three temperatures: 
“65°, 55° amd 80°F. Data for che pure difumetionai guasicocks and gus- 
stocks prepared fram “As Received” BY-Yelagen prepclymer are tabulated in 
Tables It through YEi and grachicaliv presented in Figeres 36 through 4°. 


Figures 3© through SO show ce effect of di/rcrifsocvamate ratse 
of Lhe gine sCresa cf a “pure 4ifu cciomal” WT-Telages gumstack ac 


compared to WY¥-Telagen as received. 4.) chvee cure syetemer show the sane 
firectiopal effect: 


*® GCumstoecks prepared fron pure difusctiona!l so °-Telagen exbibie 
Sigaificumely higher maxises stress teweln than thome prepared 
feow 8Y-Telages an received - 


P iwaiuet iam of Car Lag 
ai Begeit  Miagch } ee 


A. Eesae er al. 


Resear. h amd fae lmeer img 


The pore Hiftumetional guweestocks and gumttocas prepared ¢rixa “as 
received” BY-Telagen shew essentially 2 paraiie! dependence 

of maxiwae stress on triisocvamate level excep: at -65°F for 
the TRICTYT aad SBI/TT? cure systems. 


The difference in manisuam stress lewel tor che “Hifumcet ional” 
and “se received” zgumstocks is most proncumced for the TDI TPA 
cure systea (Figure 367. 


Because of the higher maximum strese level of guastocks prepared 
from pure difum-tiomal prepelymer the crosslinker lewe. cas be 
significantiv reduced tc [02 equivalent triisocvanate or even 
lower. 


The effect of di-/tciisocyanate ratio om the strain leye. at 


eee Ate mer 


LEN stress is Gepicred in Figures xy thrvugn 31: 


geen toc ks 


In each case the strain values of the pure “dif uectional ' 
guastock are diaplaced tu the left (towards lower trfiisocvanate 
levels). 


At comparabie triisocyamate lewels the “pure difumctional™ gums¢i<c« 
exhibits lower asx.sam strain lewels. [n practice this ieplies 
that thee pure difumctional gumetock will require lower ctrilisocranate 
lewels. Becaupe of the aowofuncticaal content of the HY-Yelager 
“as received” the latter goumetock vill exhibit lower crosslink 
derzity aud hence higher strain levels tham che pure difunctiona!l 
gewptock at ideutical criisocrenate levels. 


The three ccre systems show essentially the same dependeae of 
strain a€ uaxiteum stress on triisocyanate level. 


&t -6S°F the cependence of strain at maxima stress om tri- 
isocyamate lewel is iess proacsaced mich reflects the increased 
stiffmes« of the backbome at this low temperature. 


Figeres 42 thrcwgh 44 shoy thar the pure difumctional HT-Telagen 
exhibit significastiy higher imitial woduil: 


The gumstockh employing a total aromatic care system (TDI TP*T> 
{see Figure 42) shows agzin the most dramatic effec. 


The cwo aliphatic diisocyanate chain-extended gumsiocks show 
esseantialice the saee cependence ow trilsocyanat¢ lewel. 


At -~65°F ali three “"difwectional” guestocks show only a align: 
dependence of initio] aodulus om trifsocyamare lewel at rhe 
lewel of imterest to propellants (5 to S&T equivalent ctri- 
igueecy amate } - 


@ Also the difference in imitial moduli between che “dtfumccicomal” 
guestock ard “as received” gumstcc: diginishes a5 (hr tewreratore 
is decrease ft. 


6 To stain iow initial moduli is gumsrocks when sing a pure 


dirfunctiongl prepolwmer, triisocvanate levels Srlow 12 
equivalent 2 are indic+red. 


Figures 45 through «7 compare the Shore JA” Rercness walwes 41 
73 F for the sure “givwnctionai” Sv~-Telagem wich vthoge shiniiwed Fron 
Telagen “as received™ At comparable triisocvamate lewels the pure i 
gumstoca exhibits com-«istesmtiv sigmificantiy Uutgher harumss. This 
obviousiv reficers th: higher crosslink denmster of the pure difumcticonal 
gumsiock. The differ .mces in Shore “A” hardness are gost prvmoumced for 
the 2,4-rolvlene diis <vyanate/tripheavl methane triisocrvrarats cured 
gumstocks (sce Figure 45). A comparison of Figures 46 ane «7 shows 

that the alipiatic di scocvaaate cure systems (BET amd DOT} give essencially 
identical hardmess v2 ues at cowparablie triisocvanate Lleveis. The 
aromatic diisocyanate (IDI, Figure 45), results in higher hardness 

waloes that cure svst ss empleving alipharic Lisocvanates . 
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PURE DEFUNC TIONAI. 
HT ~-TELAGER 


"AS RECEIVED" 
30 HT -TELAGEN 


SHORE "A" HARDNESS 
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% EQUIVALENT TRESOCYANATE 
Figee 45. SHORE "A" HARDMESS OF GUMSTOCKS PREPARED FROM 
PURE DWF UNCTIOMAL HT-TELAGEM AMD HT-TELAGER “AS 
RECEIVED". DEPERDENCE OF SHORE "A" HARDRESS OM 
TRESOCYARATE LEVEL AT 75°F.. CURE SYSTEM: 2,4- 
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DIOR HARDEE OF GUMSTOCKS PREPARED FROM 
PURE DIFURC TIONAL HT-TELAGEN AND HT-TELAGEN “AS 
RECEIVED". DEPENDENCE OF SHORE “A HARDMESS OF 
TRRSOCYAMATE LEVEL AT 75°F... CURE SYSTEN- 
HEXAMETHYLERE DHSOC YAMATE/* RIPHENYL ME THANE 
TRERSGCYAMATE . 
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SHORE "A" HARDNESS OF GUAESTOCKS PREPARED FROM 
PURE DIFUNCTIOWAL HT-TELAGER AND HT-TELAGEM "AS 
RECEIVED". DEPENDENCE OF SHORE “A” HARDNESS ON 
TRESOCVAMATE LEVEL AT 75°F.. CURE SYSTEM: ODt' 
TRIPHENYL DIME THYLERE TRISOCYANATE. 


“. Etfect of Monmofumctional Frepolwmer 
Compoments om the Mechanical F. aperties 
oF #1-Telager Gumstocks 


in the preceding section the mechanical properties of gumetocks 
prevared from pure difuectionai Bl-Telagen were compared to gumsrocks pre- 
pated from “as received” 87-Telegen prepoiymer. In order to arrive at a 
quantitative correla*ion ot the effect of moncfimctional prepolymer components 
Om gumstock mechanical properties we have added contrclled amounts of sonc— 
functicnal 8O-polirburadiene to the pure difumctional AY-Telagen. “Momefunctional 
prepeolvmer was added im incremenrs of 4.5, 9, 18, and 27 mole 2 respectively. 


The acoofunmctional prepolvmer used in these studics had been 
i->Lated from the total HT-Telages by silica gel chromatography (see 
Section 8-27.53). Melecular weight and equivalent weight amalwsis vielded 
~he following fusctionalitw: 


(inde mjc | 8000 i 
Eq. Wz 6100 


Two cure srstems were euploved repremnting ar a~omatic diisocyanare 
(2.4-tolyleme diisocyanate), and <2 aliphatic diisocyanate {Gene:al Mills’ 
UDI}. Im each curative system a tiiisocyanate cressiivker vas weed (tri- 
phenaylaethane triisocyamate and triphenyi dimetiyleme triisocvanate 
respectiwe.s). Tre di-/trciisocyanate ratio vas kept comstamt at 9/1. Mechanica! 
property measurements were nade at three temperatures. The resuits zre 
tabulated in Tables VIIT and [4 and graphi@eliv represented in Figures 46 


through 51. 


The addition of semofunactional prepolymer to the difumetional pre- 
polymer reduces the woxrimum stress jewel at 2s given di-/tritsocyanate ratic. 
Figine 48 shows quantitatively ‘the effect of mole 2 monofunctional prepolymer 
lewel um the maximam stress leve; for two cure systews: 


e@ Yhe perctectage cecrease in paximes scress leve! .¢ similar at 
aii three temperatires - 


o Twe decrease 1m maximum stress upon addition cf the first 5 ts 
iO mie monofuactional polemer is more sewere for che alipharic 
diisocranate (DDI) chais-extended gumstcck . 

@ Yhe aromatic diisocwansate (TOI) chain~extemied SwBstocss exhibir 
higher maximum s.vess ieveis ar all temperature le cls at comparable 
monofunctional pclymer lewels. 


The add’ ticn cf semcfunmcticnai prepolweer reduces the cross line 
demeity of che gumstocs at a giver di-:triisocvanate curative racic and 

tay increases che Straie s¢ mae Stress. This effect is graphical! 
tn Figure «9. The increase im the maximum strain level is similar ar 
the thiee temperatures excep. for ne TRICTY! curatiwe swstes at "S°F whicn 
S3OWS ao initial sharp imcrease 10 maximre strain lewe!l with monofumctfona! 


Prec lvreer comtent. 


-~ 81 - 


Yhe eifect of wenofunctional prepolymer comtemt om the initie! 
modulus at three temperatures is shown in Figure Xi. The comclasions that 


can be drawn frome these ata can bc summarized as folios: 


e The {nitial aodulus decvense. with fucrease in sooofuactioaal 
prepolymer content . 


o The decrease is most significant upon addition of the first 5 to 
10 vote 2 of somofumctional polymer, then lewels off. 


e AS expected, the initial aadulut increases with decrease in 
temperatzurce showing only winor changes at temperatures between 
7S°F amt 180°F bet a more significant change dberween 75°F -ad 
~6 59°F. 


e The two curative systeas show peraile! behavior. Eowever, the 
aromatic (YDI}) chain extended gumstoc’ has a higher initial aodules 
at alli three temperatures and at comparable sonc*funct ional 
polymer ieeels. 


Figure 51 shows am eagsestially Lisear decreate in Shore "A" hardaess 
at 75°F with increase in womofan:tioual ;repciymer comtent. Yhe om cure 
svstems show a similar behavior. Keawver, the aramtic diisocyanate chain 
extended polymer shows clearly a higher Shore “A hardness at comparable soac- 
functional prepolywers levels at compared to the caurreszonding aliph.tic 
diisocyamate extended system. For fostance, the giwstock, cured with a 
9/1 YDI/T21 curariwe systee in the presence of about 17 wole 2 moenfupctional 
polymer has essertially the same hardpess 2s a 9/1 DDI/TPDMY cured yumstock 
containing no mosof mctional prepclymer. These data comtirm sisdler studies 
ou a related program (1) which hewe shown that arometic diisocyamates have 
consistently resulted 42 guietocks of greater hardness. 


(1) A. H. Muenkes, C. A. Bowe et al., Faso Research and 
“GSenthesis sod Evaluation of Curing Agents”, Amusal 
AFRPL-TR-69-136, March 1969. 
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Fiqwe 51. EFFECT OF MOSOFUNCTIONAL PREPOLYMER CONTENT O% 
SHORE “A° HARDMESS OF A HYDROXY-F URC TIONAL POL Y- 
BUTADIENE PREPOLYMER (HT-TELAGEN) AY 75°F. CURE 
SYSTEM: (@POMTS)= 9,1 2,4-TOLYLENE DIISOCYANATE/ 
TRIPHERYE METHANE TRHSOCYANATE; (@ PORTS) = 9/1 
DOI/TRIPHENYL DRQETHYLENE TRITSOCYANATE. 
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GUESTOCKS, $71-1L14-¥E Wit 2,4—-TOLY LIME 
_ BL ESUCT ABATE, TRIPREDY!. METRAME TREISOCT ARATE __ 


ae Sebiest Teaperacere (75°F) 


Shoce “a~ 
Yri-/@isocyamate ca ORCAS Mex. Stress 2 Strate at imitial 
Egqaivoleat Batic *15 Sec. Psi Sen. Stress Modelos (Psi } 
wn 5/95 35 1s 2240 98 
v/s +4 148 510 Léa 
2/6 51 180 3x20 ie 
wT 55 200 230 220 
4/6 % 195 209 229 
190% Trifleecyenste oS 197 205 323 
ac i80°F 
Tri- /Biisocy ssete Miox. Stress 2 Strain at Iedtial 
Rquivalent Ratio Pei ‘Mow «(Stress Modalme (Psi) 
6.5/9.5 72 a0 67 .% 
1s 118 315 120 
2/8 S .) 160 17? 
M7 169 135 243 
4/6 153 133 262 
100% Iriisoc yawsie 139 gn 455 
| 
Ac ~—63°F 
Tri-/Diisocy amste Mex. Stress I Strraia at hadcial 
Squivalent Ratto Poi Nax. Stress Mow i-~s {Pei} 
‘ 
0.5/9.5 LLPO 1070 oo, 
179 1270 905 ath 
2/a 1270 875 ect 
37 1690 865 22 
aft 1290 735 225 
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CAMESTOCES , 471-114-771 CURED WITE MERAY STL Ee 
__ SA ESOCYAMAYE /TRIPEROYL MENHASS YRIISOCYAMATE 


3o20 $15 324 


at Mebieat Yeaperature (75°F) 
Smere 7a" 
Saxrdness Max. Stress < Seraia at Initial 
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Fuectiomality ama fwectiomasity distributicn seasmenents have 
bees carried ocr om $1x diifereat polybutadiese prepalywers containing 
avdroxy ox carboxy fuactiowality which are currently of iaterest to the 
Air Force. The specific prepelymwers azve: Siaclair’s Poly 3-D 2-45 
aoc 2-25™M, hydroxy-functionmal betadieme Roaspclyweers prepared by free 
radical polyserizaticn and General Yire’s Yelagem prepolymer series, 
prepared by amioeic polyerrization. Yhe Telages prepolymer series comprises 
time following polwners: the O&-Telages (nominal Ma-5000) and its low 
molecular weight (Mm=2000), saturated cowaterpart. Of -Telagen-S, and the 
correspondiag carboxy-fumctional amalogues, COGH-Telages and QD0G-Te lager—S. 


Sumber average molecalar weight aeasurements of three dif fereat 
cts of tne &-45M prepolymer showed Little batch to barch wariation. 
saciimaaliiy é.stri-sticn measurements were obtained bv elution chromsto- 
Tapoy om xXtivated silica gel. The difumctional conremt was fownd to 
2 ap pTckinatecy w to 45) wt fo with a cenisal molecular weight of 4000, the 

v {45-66 we 2) Deing crifsactionai with a momissl molecular weight 
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13. Abstract (Cont'd) 


cistrizutianof the 2-15éM was found to be sizilar to thar of the R-<3i, 
containing more than 50 wt ZT triol. In coatrast to Sisciair’s B-S5SH and 
2-.5M prepolymers which ere composed of di- aad trifuactious!] cumposnents, 
the Telagen prepolymers coetain noa-, mone- aed difunctional prepolymers. 
T3e tOQtal aoa- asd wsonofunctional contest cf the fowr Telagen prepolymers 
wnich were atalyzed waried from 24 to 32 wt 2, the balk of which is 


monolume tional . 


& Sample of Rocketdvne’s P-COOIFE prepolymer, lot EXI-68, vas 
cnaracterized with respect to fumctiosality distributioc: ami feand to contain 
a t3 i523 monofunctiona:, 45 to 502 difwuactiomal amd 35 to 602 crifuecticaal 
prepolymer. Functionality distribucion measurements of JM"s aew perf leoro- 
@.a¥lene cxide prepolymer, FC2202 showed the presence of 3-52 scefwncticeal 
anc 7-92 monofunctional prepolymer, the rensinder being difuscticnal . 


Mechanicai properties of a guastock prepored from a pure difuacticaai 
iJ :olybutaciene prepolymer have been obtained over o temperature raege of 
~¢5°F to 180°F. The effect of monofunctional pregolymer contest of gumstock 
prczerties has been quantitatively defined. 
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